Abstract. This paper presents the components of a sleep apnea analysis device that have been Power supply design in the context of the measurement accuracy is also considered followed by an evaluation of the impact of telemedical function presence. The paper ends with a summary and conclusions.
Introduction
Obstructive sleep apnea (OSA) is the most common manifestation of a breathing sleep disorder. It is characterized by loud snoring with repetitive occlusion of the upper airways during sleep usually followed by hemoglobin desaturation and awakenings. It is estimated that the disease affects approximately 5the general human population [22] . OSA has a significant impact on the quality of life. Sequelae of the disease include mainly cardiovascular diseases; hypertension, cardiac arrhythmias, stroke and premature death. The gold standard for OSA diagnosis is attended polysomnography, a specialized and expensive procedure. That results in its poor availability and low number of properly diagnosed individuals [2] . These justify the statement, that OSA detection is an interesting field for application of modern technologies. Nowadays, available devices can carry out-of-hospital, unattended sleep apnea diagnosis. However in case of failure or poor sleep quality, the whole study procedure must be repeated.
Nowadays, long-term ECGs (electrocardiography) using the Holter method are widespread. Such examination is performed over an extended period: common durations 28 J.B. Drzazga range from 24 hours to one month. This technique enables the detection of heart action abnormalities that are sporadic and hard to capture on a resting ECG.
Presence of certain cardiac arrhythmias (i.e. atrial fibrillation, ventricular tachycardia) may be a marker of concomitant sleep apnea, indicating the need of sleep study.
There are many different devices with Holter ECG capabilities available. Various numbers of leads can be applied (e.g. Pro Plus EHOMINI can do 2-, 3-and 6-lead ECG [21] ). [21] Holter recorder versions with integrated displays are also present in the market, for example Philips DigiTrak XT, which can perform a 12-lead ECG with pacemaker detection continuously for 7 days [19] . Another branch of portable Holter recorders are devices aimed at home use.
One of them is Checkme Lite. Besides the ECG, it includes a pulse oximeter and a blood pressure sensor [25] .
Comarch Healthcare also offers a Holter ECG system, PMA (Personal Medical Assistant). It is capable of performing 12-lead ECG. Additional features include patient locating (GPS, Global Positioning System), GSM communication and telemedical function [9] . Example of an innovative approach to the Holter monitoring is NOMED AF. This vest, equipped with four dry electrodes, can be worn for up to one month providing information essential for diagnosis of silent atrial fibrillation, which is its main A considerable percentage of patients involved in evaluation of similar solutions was directed for sleep examination, because atrial fibrillation often occurs as a result of an apnea epoch [15] . Hence the proposed direction of development for NOMED AF is complementing its functionality with sleep disorder diagnosis. This device is already designed to remotely send patient data in one-day intervals. This functionality, combined with a 4-electrode ECG, when transferred to the area of sleep diagnosis represents a significant advance in this field. In case of failure of the examination or poor sleep quality, the physician will recommend to repeat it before visiting the clinic, and the results of a properly conducted test will be available when the equipment is returned. The device does not require any sophisticated actions to be taken to launch the test, so a consultation with a technician is not necessary Medicine is available on the topic [23] . This document provides, among others, a thorough analysis of various types of patient-provider interactions. A more detailed research is described by E. Borsini et al. [7] . It is a report based on a survey conducted on 499 patients, most of which had sleep problems, according to questionnaires.
Each patient was examined for one night using Apnea Link Plus™(ResMed Australia). The device included a nasal flow sensor (pressure method), a respiratory effort belt and oximetry. Data collected was manually attached
to an e-mail the next day, and sent to a sleep specialist.
There were no means of automatic data transmission in this test. 3 Measurement types and related problems 3.1 3.
Measurement types
The development of the system was consulted with specialists, including a cardiologist and a pulmonologist.
These consultations resulted in a list of measurements that need to be implemented in the final version of the project.
These measurements contain:
• ECG,
• Respiratory effort,
• Blood oxygen saturation,
• Nasal flow,
• Body position,
• Snoring.
The above list contains the measurements essential to conduct a basic sleep breathing disorder examination. patients sleeping on their back are more likely to have an increased apneahypopnea index (AHI) [11] . Therefore, the application of an accelerometer is required.
One of the main OSA symptoms is snoring. It is important, because it has a significant impact on sleep quality of the patientŠs partner. Moreover, there is a positive correlation between the intensity of snoring and the severity of OSA [14] . A transducer capable of measuring snoring intensity is needed to take advantage of this data.
The application of the outlined equipment would allow for the calculation of the AHI (apnea hypopnea index) needed for diagnosis and severity evaluation of sleep apnea [20] . The signal flow of the proposed system is shown 
ECG
ECG measurement is already implemented in the device.
Nonetheless, it is important for the system as a whole to consider the characteristics of that signal in the context of cooperation with other subsystems of the device.
As Nastałek states in [16] there are visible abnormalities in the ECG records of patients with obstructive sleep apnea that could be useful in diagnosing these disorders.
ECG is a voltage signal with an amplitude range of 0.5 -5mV. The frequency range is 0.05 -250Hz [4] . Typical interferences in the ECG signal come from electrical activity of muscles other than the heart, power grid 50/60Hz contamination, respiration and the vulnerability of the electrodes to variations of environmental conditions. Superimposed on all of these are motion artifacts [6] .
To deal with those difficulties it is often easiest to implement an integrated ECG frontend, and then perform 
Respiratory effort
A respiratory effort measurement can be carried out using a component that changes its resistance when deformed.
Mounting it on a belt at the bottom of the chest in a way that will let it stretch during inspiration would enable the measurement of the circumference of the torso. Such information should be sufficient to detect sleep apnea. More advanced apparatuses (e.g. Philips Alice PDx) have an option to connect two respiration belts [18] . Data collected using that method may be more accurate, because according to Konno et al. [12] respiration can be carried out using predominantly the chest or abdomen. However, other systems available on the market (i.e. Philips
Alice Night One) consist only single belt that proved to be effective, comfortable and easier to handle in out-ofhospital measurements. A strip of rubber filled with conductive particles can act as a sensing element. As a result of stretching, the particles move away from each other and the resistance increases [26] . It should be investi- into account that it might be necessary to implement an additional system which solves this problem.
Nasal flow
The flow sensor can be designed as a thermistor positioned near the patient's mouth, so it can be exposed to the impact of the flowing air. Its temperature will follow the breathing pattern, indicating inspiration and expiration.
The alternative is to use a nasal cannula that will enable the placement of the pressure sensor inside the recording unit itself. Both methods are widespread, however there are some differences between them. Usually one sensor is enough for apnea detection, but using two of them can provide additional information [17] . Proper location of the temperature measuring element can pose a challenge, because it should be exposed to as much airflow as possible. Other things to consider are common with the respiratory effort sensor: compensation of the nonlinear characteristics of the thermistor, baseline changes caused by the changes to the ambient temperature, interference induced by the power grid. Similar issues will also transpire regarding nasal flow sensor electronics, because it should also be in a form of the resistance to voltage transducer.
However, in this case the measuring element resistance will be close to 10 kOhms.
Blood oxygen saturation
A blood oxygen saturation sensor usually takes the form of a device worn on a finger or on an earlobe. It emits example, sensor placement and ambient light, so it will not be considered further [13] .
The principle of operation of a pulse oximeter is based on the observation, that oxyhemoglobin absorbs light in a different way than deoxyhemoglobin. Two LEDs (light emitting diodes), red and infrared, are used to illuminate the tissues. Next, the light is captured after having passed through the body and the signal levels are being analyzed during an exposure of the 660nm and 940nm light wavelengths (typically). Due to the data being collected at two different wavelengths, light absorption of tissues other than blood is rejected. After that, the ratio of the hemoglobin carrying oxygen to the whole of the hemoglobin can be derived [13] .
During this measurement it is vital to monitor the current flowing through the LEDs to ensure that a constant intensity of light is being emitted through the body. At the receiver end, few microamperes of current will flow through the photodiode. This signal should be then converted to voltage and amplified [10] . The difficulty lies in measuring such a small signal, which additionally has to travel a significant distance through the cable before reaching the amplifier and the converter. On that link interferences from the power grid may occur. Calibrating the sensor can prove to be difficult, because the photodiode characteristics need to be taken into account. A lot also depends on the construction of the sensor itself, because light coming from the outside can cause errors in the measurement.
Body position
The body position sensor should be an accelerometer, as this is the most convenient way of level measurement.
Due to the fact that the Data Acquisition Device will be in a fixed position with respect to the patient's body, the sensor can be placed inside the device. The sampling rate of the accelerometer does not need to be high: static position measurement can be done with relatively low rates.
Also, the resolution of the data is not crucial: an 8-bit resolution should be sufficient for differentiation between sleeping in various positions.
Snoring
There are several methods of measuring snoring. The most common are: a chest microphone, an overhead microphone, a nasal cannula and neck vibration transducers:
piezoelectric or an accelerometer. The acoustic method is the most accurate one [3] . The Data Acquisition Device is the most convenient place for a microphone, so the chest microphone method should be used.
The influence of the clothes and bedding must be investigated. Moreover, the sampling frequency needs to be determined: on the one hand, most of the snoring events have their fundamental frequencies below 250Hz [3] , but on the other hand having a 500Hz sampling frequency can introduce problems with communications bandwidth.
There is also a possibility to detect snoring in real time and save only important fragments of the recording.
Communications
The feature that differentiates the device discussed and those that are already available in the market is the telemedical function. The device should be able to send the data remotely. It would bring an opportunity to repeat the analysis in case of record failure (i.e. artifacts or lack of sensor signal) without visiting doctorŠs office again.
The amount of data that needs to be transferred can be 
Power supply
Making the device work continuously without going to standby, and charging it once per 24 hours requires having the power supply system to be able to deliver an adequate amount of energy for such operation time. The power supply system should be ripplefree so it does not have an effect on the measurement results. Care must be taken when a DC-DC converter is to be used. The usage of such a converter could prove to be necessary due to better efficiency characteristics than LDO (low-dropout) regulators can offer.
Power consumption of the whole device is at present hard to estimate. Demands of the measuring circuits are small compared to the current needed for a proper operation of the microcontroller and the memory chip. Vendors and manufacturing technology of these components are yet to be chosen, so a more accurate estimation is currently impossible.
One important thing that remains is the energy storage itself. Taking into account that there is no need for continuous work of one device (there can be a set of two devices supplied to the patient) and that they should be rechargeable, the most obvious choice is a lithium polymer battery. However, it presents a risk to the patient, so there is a problem on the safety side. Proper charging and opera- tion conditions must be met for the cell to work properly, and additional safety mechanisms must be adopted in order to minimize the risk of injuring the patient in case of battery failure.
Memory
Both the data acquisition device and the docking station should be equipped with memory that would enable them to temporarily store files before sending them to the next device in the data path. In the case of the data acquisition device, which is continuously powered from its battery, it is irrelevant if the memory used will be volatile or not.
The memory's ability to receive the data with a proper bandwidth and power efficiency is more important. With the docking device there is another factor that needs to be considered: in case of a power outage occurring before all files are sent to the server having a local copy is the only way of restoring the data. That means that nonvolatile memory should be used in the docking device.
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Conclusions
The challenges that would be encountered during the re- 
